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Abstract * 



This paper reviews the Learning' Research and Development 
Center's Computer-Assisted Instruction speUii^g 'program m the light 
of the experimental analysis of behayior. The spelling prograpi is of 
special interest because it is based on a good behavioral analysis of * 
the nature of the spelling task, and because itjoffjers a chance to review 
the state qf the art in computer instrumentation of the learning process. 
Results of the review indicate the dangers in failing to insure the occur- 
rence of the behaviors described in the *task analy8is--a problem aggra- 
vated by inadequate instrumentation, ^ 
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ti^ ^ C KOMPUTER-KONKOKTED KURKICKULUM: 

X - % i A REVIEW OF CAI SPELLING 

^ ^ , '» James G. Holland and Carol Solomon 

, Lefirning Research and Development Center 
' > » University of Pittsburgl^ J > 



Inching neater ia Is and prpcedurfei arc reviewed as ^art of a proj- 
ect that aims to facilitate the application of the principles of operanjt 
behavior to instructional design. The role the rs^views play is to eener- 
aie a.ridh^ supply of exemplars of behavioral prindityL'ts In operation. 
The'&e ekexhplars, combined with research focusedmn providing tooIi> or 
procedures for development and with an incrfca^td er(ort at i/.terpreting 
the basic literatUxe, will, it is hopi^d, result in a update!^ presentation 
of how to^design instruction tha't is optimal with respect to the science of 
behavior.., ^ f J^--^ ^ 

The formal reviews also meet a' secondary objective of providing 
feedback to t^^te ^dcjvelopers of the material we have examined. We hope , . 
that thi^ repays the trouble often involved m introducing u^-tsJctheif work 
and that wc c^n provide constructive comments ubefu^or those who are 
oriented toward preparing materials, that reflect thie bejt utilyiation of 
learning principles. ' . , T 

Jnt er e st In CAI Spelling Programs ' ^ » 

, J ■ ' - - •* I 

The CAI spelling programs are of .^^peclal interest ^because of three ^ 
charalateri sties t-hat set them apai;;^ from all too many programs. First, 
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the programs were precedcyd by a creative behavioral analysis of the^ 
^ nature of the spelling task (see Simon it Simon! 1972). It has long been 
the iaeal for programming ,ta provide a technique for the analysis of 
knowledge or skills. A precise behavioral analysis is followed by the 
design of tasks with precise response requirements for reinfori.emcnt. 
Reinforcement follows if, and only^if , ^he task is performed. The response 
contingencies are arranged in order of prerequisites, and th^ success of 
students upon completion of the program demonstrates experimentally, the 
merit of the origina.1 analysis. CAI Spelling is interesting to examine 
because it seems to fit this paradigm. If all is well with the instructional^ 
design, it will not only be a good spelling curriculum, but it, will also be 
an esiperimental confii «nation of an analysis of spelling behavior. 1 

The second reason for specia^I interest in the spelling program is that 

the analysis of spelling on which it is based involves discriminated feed* 

back as an important element in spelling and hence in the teaching of spell - 

** 

ing. One part of the task analysis involves the^ generation of possible ^ 
spellings and a. judgment on the part of the speller. .Development of good 
discriminations of the products SKilled behaviorjis important in a wide 
variety of skills, for example, knowing the "feel" of good form by the 
athlete, hearing the s*elf -produced good sound by the musician, or recog- 
-nizing the well* written parag^ph by the author. 

The power of teaching th^^ di|j>rf5wiination3 is often ngt fully ^^realized. 

When learners discriminate the merit of stimuli produced by their owrj 

beha.ior, they are automatically differentially reinforced. Reinforcement 

is "automatic" in the sense that no one else nee.ds to ev^^luate thp respuase 
^ *. 

and arrange to reinforce it, and it is dil'fjJrential in that behaviors which 

produce stimuli they have learned to judgn as adequate are reinforced, 

* « 

while quite similar behavioc.s which produce stimuli they have learned 

to Judge as inadequate go i^nreinforced. Tor further information on pro* r 

gramming discriminated feedback, see Unit 9 of "The Use of Learning 
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Principles in Instruction" [Holland, Solonnon, Doran, k Fresza, I^ke IJ.) 
The importance ^f4iscriminated feedback and the too 'ffdquent neglect of 
It m educational material make ihstances of programs in which discrimiv 
nated feedback plays an unpoft&nt role especially valuable for oixr aim of 
'finding \iseful exemplars. *. ^ 

* -The third 4-eason-lor special interest in the spelling program iff^that 
.offers a chance* to estimaie the state of the art in cofnputet-assisted - ^ 



instrOctioii. 



Basis for Rev iew . ^ " * - . 

. » 

The criteria by which materials are reviewed are th.ose of the 

experimental analysis of behavior. We assume the task of anyone applying 

^ese principle^ to be "the construction o/ carefully arranged sequences 

of contingencies leading to the terminal performances which are the objects 

'of education*' (Skinner, 1963, p. 169). The most explicit and detailed 

description of the principles implied in Skinner's statement is found in 

our course, "The Use of Learning Principles in Instruction'* (Note 1). 

The principles,', however, ca.i te briefly summarized here. If behavior 

IS to be learned, it must be emitted and reinforced. Obviously, 'hc^wcver, 

it x» inefficient to simply wait for a child to emit some,complex piece of 

behavior. Complex behaviors are shaped through gradual progression 

from simpler behaviors. The cur riculum designer must analyze the task 

to be taught into its discrete components and their prerequisite tasks. 

These tasks are then sequenced, and a teaching program is developed for 

r 

each. Children learn whjit they do, so each teaching progranvjnu^pt assure 
that appropriate behavior occurs and ttiat only appropriate Savior is 
reinforced. Thus, a low eri-or rate is only one goal for the designer. 
An equally imporUnt goal is the precise design of response contingencies. 
Teaching material which inconsistently applies these principles may fail ^ 
to achieve Us objectives. ^ 



* * Instrumentation . " « x 

4 i s; ♦ 

. ' ; " 

Potential Values, of Inotrumentation 

: . ^ , -. . 

In conjunction with proper interface devices, the computer should 
be able to provide the best possij^Ie instrumentatic^i^^^hether general- 
purpose computers op specially designed teaching machines are used, 
appropriate use of instruments presents strong advantages. Th^ advan- 
tage» relate directly to the difficulty of implementing important features 
of the learning process without proper stimulus presentation^ without 
seeing the stddent's response, without evaluation of the often subtle 
response requirements that are the requirements for reinforcement, and 
^ without the ability , to provide instant a^nd salient reinforcement. (For 
further discussion see Glaser-C Cooley, 1973; Holland k Doran, 1973. ) 

^ The behavioral analysis determines .many of the requirements,v^or 

at least the options,. in instrumentation. For example, teaching copripre- 
hension of a spoken langliage requires sOme form of auditory presentation. 
If the advantages of individualization are to be realized without live indi- 
vidual tutors,>use of audio recordings seems essential. Similarly, dif- 
ferent responses designated b> the taskanal^yfe indicate different instru- 
mehtation requirefnents for the response mo^aUiti^js. lA few of the ad\/an- 
tages of good'instrumentation follow. - . 

1. It can assure that students do the *right thing in order to achieve 
the correct response. Without the machine, they may hoc cues ^rom other 
items on the^page, Qr peek at the confirmation, wherever it mdy be^, or,, 

in miny cases, ^ee it^faintly appearing through the pag^ of any but the 
heaviest pp-per.^ ^ 

2. Instrumentation can provide the right form of the stimulus and 
require the right form of the response as dictated by the behavioral 
anajlysis;of the skill to be taught. 

. ''^ '3. Reinforcement cart be immediate. 
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4. A snappy, attantxon-halt/ing pa^ce is, set by having new frames 
* appear mstantlyw {A program teaching an inductiyfe reasoning skill to 
youn]5 childreiy^n 2*34 frames could be 'completed in Z0\ to 30 minutes on 
a ^ood machine. The same program adapted to paper and pencil Vequired 



many sessions, and children "usually^^quit before finishing it [Tfollan^, 1962], ) 

• ' 

allow their "attention to*drirt away from the task. 



ith goad instrumentation students have no break in the action which would 
low their "attention to *drilF<^away fr^^ the task. ' 

5* £Ven in an otherwise very'^unstructured teaching situation . 
(especially characteristic of college s^find more extreme forms of open 
cla&^ooms), the teacher Knows preciaely what students have doneic^the 
nwchines. ^ » * * 

,6. With good instrumentation, a well -developed teadiing p1*pgram 

\ * V * 

can be transported wjthoiU distortions which can greattV ^egrad6 its ^ 

effectiveness. The teaching technique is communicated. automatically . 

. J. ■ . ■/ •- . 

Instrumegitation of ^ thVQpellinR ,Programs ^ - ^ 

Some of fehe*ad vantages offered by mstrumentatio/i are found to a 
^ ' \ . , ^ ^. 

greater or Ics'Jser dcgt^ in the speU»ng program. (Anyone not throughly 

^ , - «> 

fannthar with this program^ should read the description i^n Appendix A 

beforq. reading further. ) Answers cannot be attained by "peeking*', there 

is immediate reinforcement for spelHng^ single word,* even when the^, 

total pian involves listing maijy words, and* such individual roinforcemenl 

can be prcJvided while allowing the list to, be generated in any order. 



^ 4 Unfortunately, in several ways the instrumentation falls far short. 
Th(^most serious shortcoming is the tailure to in^i^ude stimulus forgms . 
required by the behavioral anal^-^^is. The developers are attempting to ^ 
teach* xthe concept^rfN^Uernate spelling patterns for rounds (for example, 
/K/ may be spelled <K* , <C> , or <2:K> ). B\it the student^nterface 
(the Datapoint^300) has only a ^creen on which words can be printed and 
a typing keyboard for responding Ther<kis no provision for auditory . 
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presentation, even though phonemic analysis of the^puken word is crucial 
to the behavioral objctJjiVes. The laak oi the necessary auditory interface 
device presents a sev^^ej,hallengc to the <i<^veloper. In SPLPA*f the 
target words are visualiy presented along with other words and the children 
are exp<?t.ted to pronounce them carefully enough and correctly enough to 
perform the phonemic analysis on their utterance. 'A child who reads 
this well, never even misreading when ti*e same gr.apbeme is used for 
different pfionemes { spells /K/ or /S/), Uis^a higK proficii?ncy in 

decoding (going from grapheme to phoneme) which nnay indicate high 
previous proficiency xn spelling (guing from phonexnc to grapheme). * But 
many children may nof decode this well, at least not when they most need 
the spelling training. Instead, they probably base their rc'sponi^cs on the 
graphemes displayed. In other w-ords. some ^.hildren Viiay copy the visual 
stimuli and accept the few errors that result. For these children, the 
targeted behavior may be missed«corr^letcly , and a ma.,ur advantage of 
instrumentation in providing tf^e right form iSi the stimuli is lost. More * 
over, children can often a*^ hieve ^ correct answer by visual matching, 
hence, the ad\'antaj»e in*tr umentaljion offerii in assuring responding for 
the right reason i.s sacrificed. f ^ 

The presentation to the child also has severe deficiencies in the 
immediacy and clarity of reinforcement. The printing time for word and 
confirmation phra^ci^ su^h as good, find another ' arc quite quick aijd 
completely acceptable, unless school hour time -sharing imposes dcla*ys. 
However, ^ettin^ vonlirrriation un the :*crecn and making the student aware 
of that confirmation are two different matters. Until tlie confinmation 
message is read, it is not rcinfur^ m^. And the problem here is that the 
confirmation message Jooks like all the other changes that occur on the 
display screen. A prominent, -immediate stimulus different from all 
others is needed as a reinforce^. , 
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The possibility that instrumentation provides for a snappy, efficient 
pace IS lost because of the use of a typing ^.cyboard which taxes children 
vsrith'the slow and laborious ta^sk of fiVjding the right key, letter by letter, 
m order to type out the respojj.se/ While doing so, their eyes are diverted 
from the diitplay which contains all the stimulus, material and confirmation. 

In general* -the interface ^equipment suffers from a lack of considera- 
tion of some ba5«c principles of.human engineering. However, LRDC 
nas long lSC;en aware ol the exciting possibilities offered in CAI with the 
.development of ideal interfaces. The interested reader 1:1 directed to 
the excellent, insightful papers quoted here. , 



displays: " ^ 

This process of learning by discovery or by induction jneans 
that the learner has the ability to explore or to manipulate a 
particular subject matter, and not only must the instructional 
program have the logical capability to cope with this require 
ment, but the interface devices must contain enough aUernative 
states or controllable configuration to allow a wide range of 
dulcction ofVesponse attcrnatives. (Glaser & Ramage» 1967, 
p. 53) 

/ 

On the response: % ^ 

In many instances, the nature of the media through which 
instructional information is presented forces restraints on 
**realisp>, " realism in the sense of changing the charac- 
teristics of the task eventually to be learned* • • * What 
is ^required is an analysis of the component tasks involved 
so^tha^ behavior'is taught which insures transfer to the 
noisy situations that will be encountered in real life. • • • 
In considering the response requirements of an interface, 
learner capability also should -be introduced as a con- 
sideration. Young children can speak and point to things 
before they have developed the fine tnotor skills for 
manipulating a pencil or a typev/ritcr key* (Glaser h 
"Bamage, 1967, p. 54) 
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The subject matter: 



Quite^obviously, different subject m2.tters and different bodies 
of knowledge haye varying stimulus and responsq requirements 
which determine the Icind of interface suited to Ihem, Some 
tradc'-o£f is involved between the design of general-purpose 
con'soles versus consoles specially designed for particular 
instructional topics. (G laser St Ramage, 1967,- p. 5S) 

I am aware of the difficulties of console design, "but^n the 
, course of development of CAI, a significant amount of atten- 
tion is requiredito matc)i the properties of console displays \ 
and controls to the properties of subject matter irv order to 
design relevant conditions for learning. (Glascr, 1969. p. 90* 
■ ■ » ^ 

Thus, there was the promise of a nc^ technology that took account 
of the .Characteristics of the learner, the learning process, and the sub 
jeijt matter in the design^of efficient m^struments for teaching. " Th^ei;e 
were, no doubt, good practical reasons for accepting an available, some-W 
what flexible interface and getting something going quickly. It %frould be 
a shame, howevciw-'tfsthe short- run gatns have now precluded the possi- 
bility oW^lfillinj/ the lo\ig-run dream reflected in the above -quoted papers. 

Behavioral Objectives and Behaviors Programmed * ^ 

As indicated in the introduction, ont- very provocative aspect of this 
program is us relationship to an analysis of hou people spell and what 
happens when they misspell. If the elements of the Usk analysis arc 
actually embodied as contingencies in the pro>«ram, and if children who 
have completed the program score nearly perfectly on an appropriate 
posttest, the program may serve as a *,unfirmaiion of the task analysis. 
For this reason wc have payed particular attention tolhe relationship 
between the behavioral analysis of spelling S*rY>on Simon, l'^T2J 
and the- actual response ccntmRenc los that ^.oniititute th<v behavioral pro* 
gram. 
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The Objectives 

^ The developer^ state that a child who has attained the concept of 
optional spelling patterns for sounds can do these three things: 

4. analyze words into their competent phonemes; 

2. use phoneme to grapheme correspondence to write * ; 
th^ spellings of new wordsj 

y. 'use graphemic options. . . to write different spelliftgs 
^ . *for th^ ^a.Tt\e word, (Block, Note Z, pp. 29-30). 

The objectives describe at least three different major processes-- auditory 
discrimination of the phoneme, production of the graphemes, and^associa« 
tion of s^eral graphemes to a phoneme. This is a useful task analysis, 
which could result in a clear statement of what behaviors must be reinforced 
in order to teach these skills^ 

•First, the child must learn tct i^ear the phoneme and to discriminate 
It frorev surrounding phonenxes in a word. So diecrji^mination of the target 
phongtne ,xn a word should be reinforced. The child must also be able to 
write or type the grapheme which stands for the phoneme. (V/e presume 
that children using this program already possess this ability. ) Finally, 
the child must learn to produce several graphemes in response to a 
particular phoneme. Thus, sound-to-graphenie associations should be 
reinforced. 

SPLPAT and TRYSPL are companion programs which teach these 
th^ee objectives. The des;ign of the le^sscns in these tVrO programs will 
' be examined to clarify what behavior' may be evoked and reinforced, and ^ 
to coJnpare this to the behaviors described by the behavioral analysis. , In 
addition to producing alternate spellings for the target word» TRYSPL^^^ 
requires that the student discriminate the correct spelling. In consider- 
ing TRYSPL, thenji the additional problem of tealhing discrimination of 
self-produced stimuli will be discussted. 
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SPLPAT Format I 

The^SPLPAT program trains Audio discrimination of target phonemes 
indirectly. As indicated in\he discussion of the instrumentation, the lack 
of audio input or output seriously limits the possibilities of getting con- 
tingencies for correct auditory analysis. Nevertheless, ihe deVelopers 

^ have produce^ an innovative lesion design that seerrfs to partially over- 
come this limitation and teach discrimination of phonemes using only a 
visual* format. In Format I of SPLPAT, students are give^n a sentence^ 
and are asked to identify the words which contain the target sound. Here 

*is a sample display: 

KATY CAN COME AND 

5 6 7 8 9 
SKATE BACK WITH THE CHIQKEN. ^ 

READ THE SENTENCE TO YOURSELF. 
LOOK FOR WORDS WITH THE /K/ SOUND. 

FIND A /K/ WORD. TYPE ITS NUMBER. TYPE NQ IF NO MORE. 

The desired beha^or is the discnnanation of words containing the target 
sound .J^spe lied in va;^ious ways) from words not containing that sound. ^ 
Xhe design of the format allows an effective us^ of reinforcement each 
time ^uch a discrimination is made, at each word. ^ 

There are some problems with regard to exactly what behavior may 
be evoked, however. There is no assurance that students will worlt on 
the basis of sound at all. If they do not sound oat the words, some errors 
^lU result. But errors can be Kept fairly low after the^first set of words 
in the lesson, when they learn that the visual stimulus /K/ signals ''find 
the visual symbol K, C, or.CK. '* 
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SPLPAT Format U 

The second and third formats m SPLPAT should teach the associa- 
tion of graphemes to the target sound. The second format consists of all 
words from the previous sentence which contain the target soundi and the 
following directions: 

LOOK AT THE WORDS. THE /TARGET/ SOUND IS SPELLED 
SEVERAL WAYS. COUNT THE WAYS THE /TARGET/ SOUND 
IS SPELLED. TYPE THE NUMBER. ' 

The behavior desired has several components. Children must locate 
the target sound in each word and decide which letters probably spell it. 
Xhey then must^compare the spellings of several target sounds to decide 
if the sounds are spelled the same or differently. They finally type a 
number representing the number of spellings for that sound from this list 
of words. 

This format is not well suited to teaching either the discrimination 
of graphemes for the target sound or the association of graphemes to a 
phoneme There is no provision for immediate reinforcement for a cor- 
rect decision at each word. Some words can even be ignored, and the , 
child will still get the correct answer. For example, one 10-year-old 
working on the /J/ sound progxam could not pronounce the word APOLO- 
GIZED when it appeared in Fornnat 1 and did not identify it as having a 
131 sound. When it appeared in the hst for Format 11, she expressed 
surprise and ignored it, yet typed the correct number anyway. Also, 
there is a question of what behavior may really be evoked by this format. 
The correct answer is nearly always the number 3.^ It is possible, and 



In the /J/ sound lesson described in the appendix, this display 
occurs four times. The number 3 is the correct answer three times, 
the number 2 is correct for the last presentation of the display. 

\ 
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even likely, that children will soon begin typing the number 3 whenever 
this format appears, with little or no observation of the words listed* 
This behavior is possible, and would be reinforced by this message. 

YOU ARE RIGHT. 

THE /K/ SOUND IS SPELLED 3 WAYS IN THESE WORDS. 
IT CAN BE SPELLED '<C > <K > , <CK > 

V 

HIT THE RETURN KEY WHEN YOU WANT TO CONTINUE*** 



SPLPAT Format III 

The third SPLPAT format consists of the woijds from Format II and 
the target sound spelling patterns arranged Uke this: 

^ r 

' <C> <\^> <CK> 

KATY f 

CHICKEN 

CAN 

COME 

'^KATE ^ ^ 

BACK j'-" 

NOW YOU CAN SORT' THE WORDS UNDER THEIR 

SPELLING PATTERNS FOR THE /K/ SOUND. 

WATCH THE SCREEN TO S^E IF YOUR WQRDS ARE RIGHT. 

TYPE NO V/HEN YOU RUN OUT OF WORDS WITH 

ONE SPELLING PATTERN. 

HIT RETURN FOR THE FIRST PATTERN.*** 



Sample responses- -Words correctly typed or given as feedback are 
printed in appropriate column. 

JYPE A WORD WHERE <C > SPELLS THE /K/ SOUND. 

•** CAN (CAN is printied under <C >. Response is erased, ) 

To perform this task, the child should locate the /K/ sound m each word, 
note which letters spell it, compare th^ grapheme tu the sample grapheme. 
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and type the whole word or go on to the next wora, depending on whether 
or not the graphemes. match. If the learner performs the task in this way, 
an association should be formed between the target sound and its graphemes, 
because the child is s,ounding out the word and locating the grapheme that 
represents the target sound in that word. ' "j / • . ' 

However, there are two problems with thib format which make it 
likely that some children will not perform the task in the desired manner. 
First, the associatjlon of one sound ^^th the several gr^pKem*es is pre- 
sumably a new skill for these children. But they already have a skill that 
can adequately solve this task. The child can compare the letters o£ each 
Word to the sample grapheme, performing the task as if it were a visual 
match -to sample task and, thus, not forming a phoneme -grapheme associa- 
tion. A child carefully performing the /K/ sound task in the typical example 
shown above relying purely on visual stimuli might make only one error-- 
placing the word CHICKEN under the ^C^ speTling pattern because of the 
initial C, All other words can be correctly placed by visual matching. 
In the /J/ sound lesson, the target sound occurs a total of 27 times in the 
iour displ^^ys ofjthis kind. A child placing those 27 spelling patterns by 
visual nnatching alone would make only two errors* The words JUNGLE 
and GRUDGE must be placed under the ^G> spelling pattern if the child 
works without attending to sound. 

Item types like CHICKEN, JUNGLE and GRUDGE are particularly 
important in Format III, In these items the sample grapheme is prpsent, 
but pronounced differently from the target phoneme. Therefore, these . 



The other probable error, placing the ^ CK > words under the <C> 
or < K> spelling pattern^ could happen whether the child used visual match- 
ing or sound-to-grapheme association. 
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items can only be correctly solved by .sound-to-grapheme correspondence. 
A student solving this task by visual matching will necessarily make errors 
on them. Therefojre, these wprds seem tc;^ embody a strong contingency 
for sounding out the words. (In fact, it is only the pi»esence of the rather 
^xrflll number of auch words that prevents a visual matching strategy from 
yeilding a perfect sc*ore in Format III. ) 

Unfortunately^ correct decisions on these items are not immediately 
reinforced. For example, suppose a child performing the task in the 
sample above notes the initial letter C in CHICKEN as a possible < C ^ 
spelling pattern. The child pronounces the word and decides correctly, that 
this letter does not' spell the iKl sound in this word. The decision to omS 
this word is not directly confirmed. Only after the child indicates that 
there are no more examples of the ^C^ spelUng pattern an^ the computer 
confirms this decision is. the decision to omit CHICKEN also confirmed by 
implication. Ttus is a very delayed an<i indirect form of reinforcement, 

^\ Moreover, this format results in a contingency problem for words 

^ to be excluded from lists. The omission of a word might not have been 
tlte result of the student's decision at all, A student could be ''correct*' 
^ simply by failing to consider a word', o*r, in the case of words like 

CHICKEN, by considering the matter settled when th> word was cla^ssed 
, as a < CK> spelling, 

TRYSPL^ 

TRYSPL, IS designed to teach both the use of graphemic options- 
learned in SPLPAT to write difftj-rent spellings for th^ same word and the 
discrimination of the correct spelUng from among those produced. 
TRYSPL vocabulary differs from that used'in SPLPAT, but the target 
sounds are the same for bo'th programs. A sample TRYSPL protocol 
looks like*this: , 
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rntrpauctory Message - I 

/ 



V 



TO FIND A WdRD IN A DICTIONARY T^T YOU DONT KNOW HOW 
TO SPELL, VOU HAVE TO TRY OUT DIFFERENT SPELLINGS. 

. ' FIRST — YOU SOUND OUT THE WORD. 

, SECOND — ,YOU SPELL IT DIFFERENT WAYS 

THIRD ~ YOU LOOK UP YOUR SPELLINGS 

LAST — YOU FIND ONE OF YOUR SPELLINGS IN THE DICTION- 
ARY. THAT SPELLING IS THE CORRECT SPELLING ' 

TRYSPL GIVES YOU PRACTICE IN — STEP 2 

PRESS RETURN TO GO ON. * ' 

•••(Screen is cleared) 

Introductory Message - II 

LOOK AT YOUR WORKSHEET FOR THIS LESSON. 

4 

THERE IS A SENTENCE FOR EACH WORD AND A PRONUNCIATION 
TO HELP YOU SOU^P IT OUT. 

TYPE THE Sf^ELLINGS FOR EACH VVORD THAT YOU WOULD TRV. 
USE WHAT YOU KNOW ABOUT HOW SOUNDS ARE SPELLED - SEE 
IF YOU CAN MAKE THE CORRECT SPELLING. TYPE NO IF NO MORE. 

PRESS-RETURN TO BEGIN. ' . 
•••(Screen is cleared) 



The child's worksheet has these phonetic symbols printed on it: 

hat, age. cvt, far; cup, put, ru^e, ust, • represents s in about, ch, child; ng, long; 
Ul, bt, term; it. ice; oil, out; in ttken, / In April, th, thin; TH, then; 

hot, go, order; o in lemon, u in circus, zh. measure; 

1 • % ^ 

The word to be spelled appears in phonetic transcription in a sentence 
( » 
like Ihis: Word 1. There was a /nok/ at the door. 

i 15 , 
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A TRYWQf^Cri: , 

SPELLING 1? nok 

SPELLING 2? nock* - 

SPELLINGS? knock 

. SPELLINfG 4? no 



LOOK AT YOUR SPELl-INGS, 
TYPE THE NUMBER OF THE SPELLING YOU THINK IS CORRECT. 



NO. THECDRREC 



RECT SPELLINGt IS 3.- - KNOCK ' 



COPY THE CORRECT SPELLIN^ FOR WORD 1 ON YOUR WORKSHEET. 
• PRESS RETURN TO TRY THE NEW^ORD •••(Scfeen is cleared). . ^ 

Children who have learned that , and <CK^ can spell 

the /K/ sound, when given the wor^ /nok/ should produce three spelling 
alternatives (assuming they do not know the correct spelling): 

1, NOK 

• # 5 
/2. NOCK ' ' * 

3. NOC 

« . ' • / 

The TRYSPL program provides no in^ormatiPn on the acceptability of any 

attcmptcd*spcllings until one is chosen as correct, and then students 

learn only whether that choice is indeed spelled correctly* Even their 

final score does not reflec^t^theii^roduction of* spelling alternatives based 

on use of the spelling options learned in SPJLPAT.^ A §txident who produces 

only one correct spelling for each \^rd and identifies that as correct 

receives a final scofe of 100%. It is perhaps a good idea not to encourage 

students to produce spellings that they Know are incorrect just to insure 
{ ^ 

that they are applying the rules well. Yet if students do not know the 
correct spelling and use the SPLPAT rules to produce an acceptablp 
alternative, they get nu leedback on their production , unless they choose 

\ ' ' ' 



it as co^ect. TRYSPL has problems, then, because of its limited feed- 
back regardiHg the acceptability of the student's productions. 



However, in situations where learners must make fine discrv;^mina- 
tions of their. own prodactions, teaching the d^crimination^s prior to teach- 
ing production can Ehen help the production process, ^he discriminating 
learner then has his or her behavior immediately differentially reinforced 
by the stimuli which the behavior produces. In SPLPAT each spelling 
word appears in three different formats, and the^student possibly makes 
some response to it each time it appears. However, the response mad^ • 
IS never a discrimination- of the correct spelling. It seems likely that the 
exposure to the correct spellings would provide some "ipcidental learning" 
which would increase .,the> learner' s ability to choose the correct alternative, 
but progranimed contingencies establishing this skill are absent. Y*et, in 
TRYSPL. students. a re expected to show the effects of discriminated feed- 
back when they, discriminate th(^ correct spelling from among such alterna- 

tives. f » * 

/■ 

Summary « ^ 

The task analysis on which the spelling progranis are largely based* 
seems to be an excellent example of identifying the Behaviors involved in 
spelling. It, would have been a significant feat to have been able to confirm' 
this analysis by having a program. that assures the occurrence qf each 
component behavior. Unfortunately, SPLPAT and TRYSPL fail to provide 
such a test because the tasks are not designed to assure the occurrence of ^ 
the desilred behaviors. The elements of the behavioral analysis have not 
successfully been made the exclusive basis foV attaifcing tiie-^orrect answers. 
Indeed, without the use of auditory stimuli, the design o£ suitable response 
conting.encies for a spelling program is extremely difficult. „ 

Regarding SPLPAT, the three formats do not insure that ^he student 
execute the behavior described_in the task analysis. It is expe^fcted tha't 
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same students would oarefuUy sound out wo'rds and behave as the behav- 
ioral analysis would suggest. Others, we beheve, would to a greater or - 
lesser extent, fall into the easieV mode3 flescribed*above without greatly 
affecting their overall error rate. (See Appendix B, "Rules for Non- 
Readers, for further details. ) If students are pO^tested through an 
auditory presentation of the target word and a written response, would 
expect some students to do v/j^ll and many to do porfrly, depending^ on 
whether they worked from self-generated auditory cues or strictly visual 
cues dunng.the program, A crud^ test of this position shoujd'be' available 
in(|da,ta collected by the developersN Many lessons have a couple of words 
in Format III that contain the "target" spelling pattern in a position in 
which it does not produce the target phoneme, for example, CHICKEN iA^ 
the /K/ sound program. A student who is not sounding out the words 
wo^d erroneously classify such a word as^n example of the < spelling 
* of the^arg/t sound.* Therefore, we woal^fexpect a correlation between 
correct classification of these few "trap" words and the pretest-posttest 
gai\i (to the extent that there is not a problem of ceiliftg effect). In 

/V 

TRYSPL the contingencies are arranged to reinforce only correct spell- 
ings, despite objectives which imply that the production of "acceptable" 
alternate spellings will be encouraged. ^ ' • 

Finally, a number of problems with the Datapoint 3300 interface 
system of CAI suggested by the implementation of the'spelling pro- 
gram, A return to aji emphasis on designing (or us)ng already available)^ 
interface devices tailored to the needs of the student, the curriculum 
requirements, and the learning process is much to be desired. 
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APPENDIX A 

From "Spelling Categorization and Language Concepts" 
' (Plock, Note^2) 

The dbjectives of Spelling Instruction and Program Rationales 

The traditional method of teaching spelling involves dictated lists of 
wordh for the child to write and oral spellin^i by the child for teacher check- 
ing.and tgr renting! The view of sjielling developed by this project empha-, 
sizes the basic knowledge and skills that the speller needs to know to learn 
new words efficfentjy. ,Some\)f these basic skills are explicitly taught by 
the computer -assisted programs, others are practiced in coinputer -assisted 
les^on^. ,^ . . Briefly, the objectives *that have guided the CAI work are: 

(1) *^he child can analyze words into their component phonemes. 

, (2) The child can^use phoneme-to-grapheme correspondet^ccp to 

write the spellings of new words. 

. <• ^ ' , 

(3) The child can use graphemic options (two or mor^ spellings, for 

p the s^me sound, e.g.. /f/ -^ii^, <ph>) to^wcite different [ 
spellings for the^'same worfi fbr the purpose of checking which 
is correct or for looking up a w.ord in a dictionary. 

(4) The child can find misspelled words in his written work. 
^ (5) Tlje child can perform structurz^l affixation jjxfbperly. 

(6)' The child can use the words he knows how to spell, especially 

^ the homophones, properly in sentences. ^ 

* . • *" 

The four CAI spelling programs which have been developed are 

directly related tc^ one or n^re oC^theae objectives. Mil four . . . were 
in'oparation at the s^^hool fOakleat ElemenUry School] beginning Septem^ 
ber 19734 . . . f6nly two of the four programs are included in this selec- 
tion. ] \ 



Aj^endix A (Cont'd) 



ThP SPT.PAT a nd TR YSPL ProSiaigJ . T 

The design of the SPLPAT {= SpelHng Patterns) and <rRYSPL {= Try ^ * 
Spellings) programs was in part sharped by the model of spoiling pgrform- 
ance developed by Simon and Simon (1972). This model describes how 
children perform sp^Mlings: Ttay use phoneme-to-grapheme correspond- 
ences to generatc^a trial spelling; then, th^y use ward recognition informa- 
'tiOP-fwhat they know about the correct spelling of a word fro^^. having en- 
countered it in reading) to test the trial,spellM>g. rUe SPLPAT progyarp ' 
was. developed to teach the ways in which a phoneme can be spelled, and . 
the TRYSPL program was developed to encourage the application of this 
knowledge to the springs of new words confining the phonemes taught in ^ C^ 
SPLPAT. These twf programs, taken together, promo'te the objectives- 
'of efficient auditory anal^is. attention to optional spJ^lling patterns, apd 
development of dictionary and proofr'eadihg skills. " , 

SPLPAT . SPLPAT is a tutorial progranj thaf runs on a cathode- ^ 
ray terminal. . It'is designed to teach the concept -of optional spellings for 
souqd* It has three major instructional routines illustrated- in the dis- , 
playTofl^ure 2. In the first, a sentence is presented and the child finds 
all the words in that sentence with a particular sound. In the se6ond. the 
words with the target spund are listed and the child counts the spelling . 
."patter'ns contained ip those words-. In the. third, the child sorts the words - 
into ool^rZs according to theiCpelling patterns. He does this by.typing ^ 
in succession the words on the list thaf co^iain a designated pattern. The 
• instructional strategy involves feedback after each responp: "Good" for 
a correct response ind an appropriate message for an error. After a 
second error on the same item at any point in the program, the correct 
answer is given and the program movis on to the next task. 
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Appendix A (Cont'd) . . ' 

y ^ (Student response underlined). , 
Initial Display 

\*\,2 3 4 
, KATY (^AN COME AND 

5 6 7 8 9 
SKATE BACK WITH THE CHICKEN. 
/ U • 

.•flEAD fHE SENTENCE TO YOURSELF. 
LOOK FOR VyOBDS WITH THE /K/ SOUND. 

FIND A /K/ .WOFlD. TYPE ITS NUMBER. TYPE NO IF NO MORE. 



Sample Responses Response disappears from screen before feedback 4s given. 
1 

1 — GOOD. FIND ANOTHER. 

**• 4 * 

4 — LOOK AGAIN. THAT WORD DOES NOT HAVE THE /K/ SOUND. 

>^ 

5 — GOOD. FIND ANOTHER. 
*** NO 

NO — LOOK AGAIN. THERE IS ANOTHER. 
9 

9 —GOOD. FIND ANOTHER. 
NO 

THE /K/ SOUND IS ALSO IN 2, 3, 6. 

HIT THE RETURN KEY WHEN YOU WANT TO CONTINUE.*** 

(After "return", screen is cleared). 

Second Display and sample responses . 

kaT^ 

CHICKEN 

CAN 

COME 

SKATE 

BACK 

Figure 2. SPLPAT protocol for sample sentence. 
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Appendix A (Cont'd) ' 

- LOOK AT THE WORDS. THE /K/ SOUND IS SPELLED SEVERAL WAYS. 
, I ^ COUNT THe'wAYS the IKI SOUND IS SPffLLED. 
TYPE THE NUMBER. 2 

TRY AGAIN, OOUNT THE WAYS THE lYJ SOUND IS SPELLED. 
' • TYPE THE NUMBER. •••3_ 

YOU ARE RIGHT. 

THE /K/ SpUND IS SPELLED 3 WAYS IN THESE WORDS. 
IT CAN BE SPELLED <C > <K> <CK > 

HIT THE RETURN KEY WHEN YOU WANT TO CONTINUE*'* 

(List remains on display. Message? disappear Spelling patterns appear at 
top of screen). 



Third Display 



KATY 
CHICKEN 
CAN 
COME 
SKATE 
BACK 



<e> <K > <CK > 



NOW YOU CAN S^/ThE WORDS UNDER THEIR 
SPELLING PATTERNS FOR THE /K/ SOUND. 
WATCH THE SCREEN TO SEE IF YOUR WORDS ARE RIGHT, 
TYPE NO WHEN YOU RUjy OUT OF WORDS WITH ONE SPELLING PATTERN 

HIT RETURN FOR THe'fIRST PATTERN/*^ 

Sample responses - Words correctly typed or given as feedback are 
printed in appropriate column. <See below for Final Display). 

<:^, > 

TYPE A WORD WHERE <C > SPELLS THE /K/ SOUND. 
CAN (CAN is printed under <C >. 

Response is erased). 

CAN GOOD. FIND ANOTHER. (Feedback message with request 

for next response). 

Figure 2 (cont'd). SPLPAT protocol for sample sentence. 
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COEM 

COEM — CHECK YOUR TYPING. TRY AGAIN. (Error Message) 
. CHICKEN 

CHJCKEN —LOOK AGaIn. THAT WORD DOES NOT HAVE THE <C > 
SPELLING PATTERN. (Error Message) 

•••NO 

NO — LOOK AGAIN. THERE IS ANOTHER... 
-••••NO 

NO —THE <C SPELLING PATTERN IS ALSO IN COME. (Come is printed 

under <C ». 

HIT RETURN TO CONTINUE/*^ 

/ 

(If all words of the target pattern have been typed, the message is. GREAT. 
. tqU^AVE FOUND ALL THE WORDS WITH THE <C> SPELLING PATTERN). 

(Each of the other patterns is preserited in this manner). 

Final Display 

<C> <K> <CK> 

KATY CAN KATY BACK ' 

CHICKEN COME SKATE CHJCKEN 

CAN 
COME 
SKATE 

BACK . " * 

NOW YOU KNOW HOW TO SPELL SOME WORDS 

WITH THE /K/ SOUND. (End-of-Senlence message) 

STUDY THE WORDS. 

c 

HIT RETURN WHEN YOU ARE READY TO CONTINUE.'^* 



figure 2 (cont'd). SPLPAT protocol for sample sentence. 
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Appendix A (Cont'd) ' * - * 

A SPLPAT lesson consists of four to six sentences and each sentence 

V 

deals with a single target sound. Figure Z shows a sample protocol for onQ , 
sentence. The target sound for the lesson ... is /K/, The child will 

learn that /K/ ► ^ K>, <CK>, <C>. Figure 2 shows the visual and 

textual displays used in the program. The program requests a response 
from the child by three asterisks the child's responses are under- 

lined in Figure 2, Also, sample responses for items in the program are 
shown, along with associated prompts and error messages. 

There are 16 SPLPAT lessons, written by the staff and the teachers. 
They teach 20 different sounds, 40 percent of the phoneme base of English. 

* At an estimated average of 50 minutes per lesson, there are 13 instruc- 
tional hours. 

TRYSPL. TRYSPL can best be characterized as a novel kind of 
•'generate and test ' program designed to provide practice in applying the 
optional spellings learned in SPLPAT to new spelling words. For the 
older children (Grades«4 and 5) it also provides experience with the impor- 
. f tant dictionary skill oi decoding dictionary pronunciation symbols. At thiS^ 
level each training word is identified, via an off-line worksheet, by a num> 
bered sentence in which the word is written in phonetic transcription. . . . 
With the younger children (Grade 3), words can be pronounced by cassette 
while the child is at the terminal. 

In the TRYSPL program, the children are encouraged to sound out a 

* word and think hard about a spelling. They have the opportunity to generate 
Alternative spellings for a word if they wish and then are asked to select 
the one that looks right. Immediate feedback--yis or no and the correct 
spelling- -is given. They are requested to copy the <:orrect spelling onto 
their worksheet?. The lesson is completed with one cycle through the list. 
Disp1ays"and a sample protocol are shown in Figure 4. 
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(ntrOductory Message ♦ I 

TO FIND A WORD IN A DICTIONARY THAT YOU OONT KNOW 
HOW TO SPELL, YOU HAVE TO TRY OUT DIFFERENT SPELLINGS. 

FIRST YpU SOUND OUT THE WORD. ^ 

SECOND — YOU SPELL IT DIFFERENT WAYS. 



LAST — YOU FIND ONE OF YOUR SPELLINGS IN THE DICTIONARY, 
THAT SPEUING IS THE CORRECT SPELLING. 



PRESS RETIJRN TO GO ON. 
•** (Screen Is cleared)^ 

Introductory Message - 1 1 

LOOK;AT YOUR^WORKSHEET FOR THIS LESSON. 

THERE IS A SENTENCE FOR EACH WORD AND A PRONUNCIATION 
TO HELP YOU SOUND IT OUT. 

' ^i"YPE THE SPELLINGS FOR EACH WORD THAT YQU WOULD TRY. 
^ USE WHAT YOU KNOW ABOUT HOW SOUNDS ARE SPELLED — SEE 
IF YOU CAN MAKE THE CORRECT SPELLING. TYPE NO IF NO MORE. 

PRESS RETURN TO BEGIN. 

(Screen is cleared) ^ 

(Sample responses Word 1 is /nok/, v/ord 2 ts /haf/ .-The dilldren would 
know this from their worksheet. Response underlined 
and in lower case type). 



THIRD — YOU LOOK UP YOUR SPELLINGS. 




TRYSPL GIVES YOU PRACTICE IN — STEP 2. 



Figure 4, TRYSPL protocof-Jor-sample words. 
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TRY WORD 1: 

SPELLING 1? •••nok' 
SPELLING 2? •••nock 
SPELLING 3^ •••knock 
SPELLING 4? ^••no 

LOOK AT YOUR SPELLINGS. 

TYPE THE NUMBER OF THE SPELLING YOU THINK IS CORRECT. 
♦•*2 ^ 

.NOfTHE CORRECT SPELLING IS 3 — KNOCK 

COPY THE CORRECT SPELLING FOR WORD 1 ON YOUR WORKSHEET. 

PRESS RETURN TO TRY THE NEXT WORD (Screen is cleared). 

TRY WORD 2: 

SPELLING 1? ♦••half 
SPELLING 2? ♦•♦haf 
SPELLING 3? ••*no 

LOOK AT YOUR SPELLINGS. 

TYPE THE NUMBER OF THE SPELLING YOU THINK IS CORRECT. 
••• 1 

YES." THE CORRECT SPELLING IS 1 — HALF 
- COPY THE CORRECT SPELLING FOR WORD 20N YOUR WORKSHEET. 
(The program continues in this fashion for the rest of the spelling word's on the list). 



Figure 4 (cont'd). TRYSPL protocol for sample words. 
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When a child comptetes the program, he has a list of correctly 

spelled words on his worksheet. The program also gives him a percent,- 

age score on thQ lesson which summarizes Kow well he performed. This 

score IS given to the teacher who decides whether any more activity should^ 
f * 

Be undertaken on this lesson. % 

A comprehension output program has been designed, which collects 
all the data necessary fpr a useful evaluation* A sample printout from 
this data recording program appears as Figure 5 [not ehown in this selec- 
tion]. Column 1 contains the training words, columns 2 and 3, the student's 
generated spellings in the order that they wer« generate?, column 4, the 
evaluadon of each of the generated spellings^ column 5, the spelling desig- 
nated correct by the child, and in colunrm 6, the evaluation of the student's 
choice of the correct spelling, when ihe correct spelling has been generated 
by him. Other resjaonse history statistics are computed, as shown at the 
bottom of the data record. At the present time, a study has been designed 
to evaluate the effects that prior experience on SPLrPAT has on performance 
in TRYSPLrand to gather data on how many words are learned and remem- 
bered from a TRYSPL lesson. 

There are 16 lessons of TRYSPLthat require the application of con- 
cepts for sounds learned in the ^PLPAT lessons, one lesson based- on words 
in the students' spelling text, and two th^t deal with sound and spelling patr 
tern concepts not previously taught by these programs. With an estimated 
average of 40 mindtes per lesson fo^ these 19 lessons, there are about 13 
instructional hours available* 
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"Rules for Non-Readers" 

' \ k 
• '\ 

\ 



SPItPAT /J/ Sound Lesson 

The desired behavior in £he spelling program SPLPAT is the 
cxanminatton of certain words, particularly certain groups of letters in 
those words, and the association of, these letters with the phoneme they » 
represent. Yet, a child could compLote the entire /J/ sound lesson 
without reading the words presented and without ever associating the 
target phoneme with its graphemes. In other words^ a smart non- reading 
child could develop certain rules which would get him through the SPLPAT 
lessons illegitimately. 'Here are some rules' that would work. 

In the /J/'50und lesson, ^ the first sentence presented is: 

Display 1 

* ^ 2 3 . 4 5 6 7 8 9 10 11 12 13 14 15 16 
Gina of the jungle jumped on the giraffe and rode to the edge of the bridge. 

The child is directed to type the numbers of words which have the /J/ 
s<^und« Our child will not read the sentence'', so he must type'all the 
numbers listed, typing each only once. Of course^ each wrong number 
results an &n error message, but this is a relatively small consequence. 
The child can continue through to the end, and is never recycled despite 
his many errors. In factf the final message is "Great. You have found 
all words with the /J/ sound. " Our non-reader takps 10 errors this 
first display. 

The second display presents the""/!/ sound words from the sentence: 
Gina, jungle, jumped, giraffe, edge, bridge. 
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The child is directed to count the ways the 111 sound is spelled and 
type that number. A child familiar with t{ie SPLPAT programs would be 
likely to type the number 3, since th^t is the most frequently reiaforced 
resp<^is6 to this display. Let's assume that our child types a 3 whenever 
^ this display occurs.. The result is the mei,sage, "You are right. The /J./ 
sound is' speUed three ways in these words. It can be spelled <G> < J> 
<DGE >. " No errors' on Display 2. 

^ ' Display 3 v. • 

. • - , <G > <J > <DGE > 

Gfna r ' ' 

jungle 

» jumped \ 

* giraffe * > ^ ^ 

edge . . ' 

bridge , ^ 

» . *' 
Directions for Display 3 are to sort the words under their spelling pat- 
terns. Each spelling pattern is presented in ordei*. The child is first told 
to type a word where G spells the iJl sound. 

Rather than reading these words and listening for a ./j/ sound, our 
non> reader searches the list for words wfth the relevant letters. He would 
first look for the letter b unaccompanied by D and £• He finds this letter 
in the words Gina , jungle , ^nd gira^ffe , arid types these yrords. The result 
is one error since the G in»^^^gle does not represent the /j/ sound. The 
error message, however, snys instead "That Word does not have the G 
spelling pattern. " Our child knows very well that there is a G in jungle, 
so this message, if read, will confirm his opinion that the computer is not 
to be taken seriously. All other words for the remaining two spelling pat- 
terns can be correctly matched visually. The result is 1 error for Display 
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A new sentence is presented: 



Display 1 a 



1.2 3 4 5 6 7 ^ 8 9 10 11 . #? ' 

A generous gypsy pledged to give fudge to the stingy judge. 

12 13 14 15 .1^ 17 18 19 20 21 
The joyous' judge apologized and no bnger carries a grudge. 

* Our non-reader is smart and familiar with the prograp, so he has 

H noted that the letters to watch for a G, J, and DGE, This time he does 
• not' have to type all the numbers; he simply searches each word for the 
target letters. The result is Z errors for Display la (give , and longer ), 

* Display 2a prelentf the /J7 sound words from that sentence and the 
instruction to count the ways the /J/ soxmd is spelled and type the number. 
Our kid types the usual number 3 and gets the usual confirmation rpessage. 

No errorg." ^ ^ ^ 

Display 3a presents those words and the three* spielUng patterns, with 
directions to again type a word where <G> (or < J> or <DGE> ) spell the ^ 
/J/ sound. Again he proceeds by visual matching, with I error on the word 

\ 

"grudge'' as a result, / \ 

Our non-reader proceeds similarly through the last six displays, 
* S * 

making 1 or at most 2 errors. The error(s) would occur in the final dis- 
play in which the child is asked to count the ways the /J/ sound is spelled. 
The correct answer this time is 2 rather than 3. ,So, our kid would neces- 
sarily make 1 error. If he next tries the number 2, this is the only error 
' he would make. If he tries any other number, the computer will give him 
the correct answer, 80-2 errors are this most he could make. 

The flnal result of proceeding in this fashion thr9ugh the entire /J/ 
sound lesson is 15 to 16 errors for a final score of approximately 77%, 



3Z 



ERIC 



3G ^ 



